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(57) Abstract: A dual-band antenna device for a portable radio communication device (2) comprises an inner (10) and an outer 
2 (20) generally planar radiating element portion. The inner portion is galvanically ungrounded and connectable to feed and the outer 

portion is connectable to ground. The element portions are essentially coplanar and separated by a gap (30;30*), wherein the outer 
Q element portion (20) surrounds the inner element portion (10). With this configuration desired antenna characteristics are obtainable 

in a controlled way. A portable radio communication device and a method for separate adjustment of the firequency bands are also 

provided. 
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ANTENNA DEVICE AND METHOD OF 
ADJUSTING SAID ANTENNA DEVICE 

FIELD OF INVENTION 

5 The present invention relates generally to antenna de- 
vices and more particularly to antenna devices adapted 
for internal mounting in a portable communication de- 
vice, such as a mobile phone, wherein the characteris- 
tics are adjustable in a controlled way. The invention 
10 also relates to a communication device comprising such 
an antenna device and a method of adjusting the same. 

BACKGROUND 

Internal antennas have been used for some time in port- 
able radio communication devices. There are a number of 
15 advantages connected with using internal antennas, of 
which can be mentioned that they are small and light, 
making them suitable for applications wherein size and 
weight are of importance, such as in mobile phones. 

However, the application of internal antennas in a 
20 mobile phone puts some constraints on the configuration 
of the antenna element, such as the dimensions of the 
element, the exact location of feeding and grounding 
portions etc. These constraints may make it difficult to 
find the correct tuning and matching of the antenna. 
25 This is especially true for so-called multi-band anten- 
nas, such as double-band antennas, wherein the antenna 
is adapted to operate in two or more spaced apart fre- 
quency bands. In a typical dual band phone, the lower 
frequency band is centered on 900 MHz, the so-called GSM 
30 900 band, whereas the upper frequency band is centered 
around 1800 or 1900 MHz, the DCS and PCS band, respec- 
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tively. If the upper frequency band of the antenna de- 
vice is made wide enough, covering both the 1800 and 
1900 MHz bands, a phone operating in three different 
standard bands is obtained, 

5 The European patent publication EP 1 003 240 A2 dis- 
closes a surface mount antenna comprising first and 
second radiation electrodes separated by a gap. Each 
electrode is connected to a grounded connection elec- 
trode, providing a double resonance with two pass bands. 
10 The two pass bands overlap slightly, effectively creat- 
ing a single-band antenna with one wide pass band in- 
stead of a double-band antenna. No guidance of how to 
obtain desired antenna characteristics is given. 

The European patent publication EP 1 067 627 Al dis- 
15 closes a dual band radio apparatus comprising a first 

and a second antenna element, both connected to a ground 
plate. A capacitive coupling is provided between the two 
antenna elements . 

IEEE Transactions on Antennas and Propagation, Vol. 45, 
20, No. 10, October 1997, describes in an article by Liu Z D 
et al. "Dual-Frequency Planar Inverted-F Antenna", pp 
1451-1458 a dual-band antenna. An antenna with a single- 
input port is described on page 1457, where it is indi- 
cated that the dual-band antenna can also work with a 
25 single feed by electrically shorting the two radiating 
elements using common short pins. 



SUMMARY OF THE INVENTION 

An object of the present invention is to provide an an- 
tenna device for a portable, radio communication device 
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which overcomes the above mentioned problems and wherein 
desired operating frequency bands can be obtained in a 
well-defined way. 

Another object is to provide a portable radio coinmuni- 
5 cation device comprising such an antenna device. 

Still another object is to provide a method of adjusting 
the characteristics of an antenna device in a controlled 
way. 

The invention is based on the realization that an an- 
10 tenna configuration having two element portions spaced 
apart by a gap can be provided, wherein one element 
portion is galvanically ungrounded and wherein the 
length and the width of the gap deteimines the 
characteristics of the antenna in a controlled way. 

15 According to the present invention there is provided an 
antenna device as defined in appended claim 1. 

According to the present invention there is also pro- 
vided a portable radio communication device as defined 
in appended claim 14. 

20 There is also provided a method of tuning an antenna as 
defined in appended claim 15. 

With the inventive antenna device the above mentioned 
drawbacks of prior art are eliminated or at least miti- 
gated. The antenna device according to the present in- 
25 vention as defined by the appended claims has a configu- 
ration wherein the gap separating the two radiating ele- 
ment portions can be adjusted in a controlled way so as 
to obtain the desired characteristics. 
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The dependent claims define further preferred embodi- 
ments of the inventive antenna device. 

BRIEF DESCRIPTION OF DRAWINGS 

The invention is now described, by way of example, with 
5 reference to the accompanying drawings, in which: 

Fig. 1 is an overall view of a mobile phone, partially 
broken up, showing the positioning of a printed circuit 
board and a basic antenna pattern according to the 
invention; 

10 Figs. 2a-5a show the basic antenna pattern with differ- 
ent parameters denoted; 

figs. 2b-5b show different antenna patterns derived from 
the basic antenna pattern shown in the respective figs. 
2a-5a; 

15 figs. 2c-5c show frequency diagrams associated with the 
respective antenna patterns shown in figs- 2a,b-5a,b, 

Fig. 6 shows an alternative basic antenna pattern; 

Fig. 7 shows an antenna pattern adapted for use with an 
external connector; 

20 Fig. 8 shows an antenna device with yet an alternative 
shape; and 

Figs. 9. and 10 show frequency diagrams of an antenna 
device adapted to operation in desired frequency bands. 



wo 02/50948 



5 



PCT/SEOl/02829 



DETAILED DESCRIPTION OF THE INVENTION 

In the following, a detailed description of embodiments 
of a connector device according to the invention will be 
given. In the description, for purposes of explanation 
5 and not limitation, specific details are set forth, such 
as particular hardware, applications, techniques etc. in 
order to provide a thorough understanding of the present 
invention. However, it will be apparent to one skilled in 
the art that the present invention may be utilized in 
10 other embodiments that depart from these specific details. 
In other instances, detailed descriptions of well-known 
methods, apparatuses, and circuits are omitted so as not 
to obscure the description of the present invention with 
unnecessary details. 

15 Also, when references are made hereinbelow to directions, 
such as "left" or "right", these references are to be 
taken in connection with what is shown in the figures as 
exemplary embodiments and should not be construed as 
limiting to the scope of protection. 

20 In Fig. 1 there is shown a plan view., partially in 

cross-section, of a mobile phone, generally designated 
2 . The mobile phone comprises a keypad 4 etc . , as is 
conventional. Inside the phone 2 there is provided a 
printed circuit board (PCB) 6 with an extension essen- 

25 tially corresponding to the size of the phone. On the 
PCB 6 there are mounted electronic circuits etc. (not 
shown), for the operation of the phone. These circuits 
will not be discussed further except for the information 
that they comprise RF circuitry for operation of an 

30 antenna, i.e., for transmitting and receiving radio fre- 
quency signals. 
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The PCB 6 also functions as a ground plane for an inter- 
nal antenna device, in the described embodiment a modi- 
fied PIFA (PIFA - Planar Inverted F Antenna) generally 
designated 8 and located in the upper portion of the 
5 mobile phone 2 . The antenna device comprises a radiating 
element divided into two generally planar portions , a 
first inner element 10 and a second outer element 20. 
The radiating elements 10, 20 are made of some suitable 
electrically conductive material, such as metal sheet, 

10 steel plate or the' like, or as a conductive flex film. 
The elements 10, 20 are supported by a frame made of a 
non-conductive material, such as a plastic (not shown). 
By means of the frame, the radiating elements are posi- 
tioned essentially parallel to the PCB 6 and on a pre- 

15 determined distance therefrom, which is preferred with 
this kind of antennas . 

The inner radiating element 10 is connected to a contact 
pin 12 having an extension essentially perpendicular to 
the plane of the inner element 10 and being electrically 

20 connected to the RF circuitry of the underlying PCB 6. 

The pin 12, being for example of the type sold under the 
Trademark PoGo, functions as a feeding portion of the 
antenna. The contact pin 12 is located on the edge of an 
opening or aperture 14 in the central part of the radi- 

25 ating element portion 10, the function of which aperture 
will be described below. 

The second outer radiating element 20 is connected to a 
grounding portion 22 extending essentially perpendicu- 
larly thereto and being connected to a ground device of 
30 the underlying PCB 6. The outer element 20 has a general 
shape resembling a "C" turned 90 degrees counter-clock- 
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wise, as shown in the figures^ thus essentially sur- 
rounding the inner element 10. 

An important feature is thus that one of the antenna 
elements is connected to a feed device and the other of 
5 the antenna elements is connected to a ground device. 

The inner and outer elements 10 and 20, respectively, 
are essentially coplanar and are separated by a non- 
conductive interspace or gap 30. As can be seen in the 
figure, the gap 30 surrounds the inner element 10 on 

10 three sides thereof and provides for a controlled 

capacitive coupling between the inner and outer elements 
10, 20. Due to the gap between the inner and outer ele- 
ments 10, 20 there are two distinct resonance frequen- 
cies- By means of this arrangement, a dual-band antenna 

15 is created and the capacitive coupling between the radi- 
ating elements is used for determining the characteris- 
tics of the antenna 8, as will be described in the 
following and with reference to figs. 2a-c — 5a-c. 

In figs. 2a, 2b, and 2c there is shown how the resonance 
20 frequency of the upper band of a dual-band antenna can 
be adjusted in a controlled way. In its basic shape, 
shown in Fig. 2a, the antenna 8 has a lower resonance 
frequency of about 900 MHz and an upper resonance fre- 
quency of about 1900 MHz, thus making it suitable for 
25 use in a dual band mobile phone adapted for the GSM 900 
and PCS bands. 

However, in order to fine-tune the upper band, the shape 
of the inner radiating element 10 is adjusted in a con- 
trolled way. In its basic shape, the inner radiating 
.30 element 10 is essentially rectangular with a height hi 



wo 02/50948 



8 



PCT/SEOl/02829 



and a width wl, see Fig. 2a. It is surrounded on three 
sides by the gap 30. In Fig. 2a, the gap has been sub- 
divided into three portions^ namely 30a to the left of 
the element portion 10, 30b above the element portion 10 
5 and 30c to the right of the element portion 10. The 
three gap portions 30a-c have essentially the same 
width. The inner element 10 is shown with a first end 
portion 10a facing the gap portion 30a, a second end 
portion 10c facing the gap portion 30c and ja portion 10b 
10 facing the gap portion 30b, see Fig. 1. 

The antenna characteristics are changed by decreasing 
the width wl by increasing the width dl of the right gap 
portion 30c. More specifically, by increasing the dis- 
tance dl, the resonance frecjuency of the upper band is 

15 lowered. In Fig. 2c there is shown a set of curves rep- 
resenting the Voltage Standing Wave Ratio (VSWR) as a 
function of frequency. The curves represent the differ- 
ent characteristics when the width wl of the inner ele- 
ment 10 is adjusted from its original value. Fig. 2a, to 

20 approximately half its original value, as is shown in 
Fig. 2b. 

Referring to Fig. 2c, to the left in the. diagram there 
is shown a set of almost identical curves, representing 
the lower frequency band. Thus, it can be seen that the 
25 distance dl has almost no influence on this band. This 
is important in that it enables selective adjustment of 
the upper frequency band. 

In contrast to the lower frequency band there is a pro- 
nounced correlation between distance dl and the reso- 
30 nance frequency of the upper band. In the diagram there 
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is shown a set of nine different curves, the rightmost 
of which representing the VSWR of the starting antenna, 
i.e., with a small distance dl (the original antenna 
shown in Fig. 1), and the leftmost of which representing 
5 the VSWR with a large distance dl, as shown in Fig. 2b. 
The intermediate curves represent equally spaced dis- 
tances dl between the small and large distances, some of 
which corresponding to a size of the inner element 10 
denoted by dotted lines in Fig. 2a. 

10 It is striking how the resonance frequency of the upper 
band correlates with the value of dl . However, the VSWR 
for the resonance frequency remains essentially un- 
changed. It is thus seen that an adjustment of the dis- 
tance dl provides for an easy and well-defined way to 

15 adjust the characteristics of a dual-band antenna 
adapted for use with a mobile phone, for example. 

Another advantage with an adjustment only relating to 
the size of the inner element 10 is that the positions 
of the feeding and grounding portions 12, 22 remain un- 
20 changed. From a design and manufacturing point of view 
this provides a solution wherein the contact points of 
the underlying PCB 6 remain unchanged, i.e., the same 
kind of PCB can be used for different phone models, for 
example dual-band phones for GSM/DCS and GSM/PCS. 

25 A way to change the resonance frequency of the lower 
band of the antenna device will now be described with 
reference to figs. 3a-c. The procedure is similar to 
that concerning the upper frequency band, i.e., the size 
of the inner element 10 -is adjusted. However, instead of 

30 removing part of the right hand portion of the inner 
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element, i,e., that closer to the grounding portion 22, 
part of the left-hand portion of the inner element 10 is 
removed. In other words, the width of the left gap por- 
tion 30a is changed, this distance being denoted d2 in 
5 figures 3a and 3b. 

In Fig. 3c there are shown two sets of curves for 
different values of d2 , wherein one set relates to the 
lower band and one set relates to the upper band. The 
leftmost curve among the lower band curves is associated 

10 with the basic antenna pattern shown in Fig. 3a, i.e., 

the small original width d2 . The other lower band curves 
are associated with successively higher values of d2, 
i.e., there is a direct correlation between the value of 
d2 and the lower resonance frequency. The rightmost 

15 curve of the lower band curves is associated with the 
antenna pattern shown in Fig. 3b, wherein a large por- 
tion of the inner radiating element 10 is removed as 
compared with the basic pattern. 

From Fig. 3c is also seen that the upper resonance fre- 
20 quency remains virtually unchanged. This means that by 

changing the value of d2 the lower frequency band can be 
adjusted without affecting the upper frequency band. 

Yet another way of modifying the characteristics of an 
antenna device in a controlled way will now be explained 

25 with reference to figs. 4a-c. In Fig. 4a, there is shown 
the basic antenna pattern with the effective width of 
the upper gap portion 30b denoted by d3 . In Fig. 4b, a 
modified antenna pattern is shown, wherein part of the 
inner element 10 has been removed as compared with the 

30 basic pattern. The amount of inner element material re- 
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moved corresponds to the increase of the actual distance 
d3 as compared with Fig. 4a. 

It is here seen that by changing the distance d3, both 
resonances are affected and therefore an additional 
5 parameter to play with is created in order to match the 
antenna in a controlled way. 

It has been described above how the general shape of the 
inner and outer radiating elements 10, 20 can be 
adjusted in order to obtain desired antenna character- 
10 istics in a controlled way. Another way to change the 

characteristics is to change the size of the aperture 14 
as will be explained in the following and with reference 
to figs. 5a-c. 

A number of VSWR curves for the upper frequency band is 
15 shown in Fig. 5c, of which curves the rightmost is asso- 
ciated with the basic antenna pattern as shown in Fig. 
5a. The leftmost curve of the upper curves is associated 
with the antenna pattern shown in Fig. 5b, wherein the 
aperture 14 has been enlarged as compared to that of the 
20 basic pattern. The intermediate curves falling between 
these two extreme cases represent the VSWR of apertures 
14 having a size between those shown in figs. 5a and 5b. 
Thus, by changing the size of the aperture 14, the upper 
resonance frequency can be changed in a controlled way. 
25 As in the embodiment described with reference to figs 
2a-c, the lower resonance frequency determining the 
lower frequency band remains virtually unchanged, 
thereby allowing for a selective adjustment of the upper 
frequency band. 
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Besides providing for an adjustment of the upper fre- 
quency band^ the change of size of the aperture 14 can 
be used for impedance matching the antenna device or to 
enable the use in this area of an external connector or 
5 other element, such as a plastic part extending from the 
housing of the device in which the antenna is provided. 
In Fig. 6 there is shown a plan view of an alternative 
antenna pattern wherein the aperture in the inner ele- 
ment 10 has been omitted. Thus, the contact pin 12, 
10 shown in phantom in the figure, is attached to the 

underside of the element 10 by means of riveting or the 
like. 

In Fig. 7 there is shown an antenna pattern similar to 
that shown in Fig. 5b. In addition to the antenna ele- 

15 ments 10, 20 there is shown a coaxial connector, gene- 
rally designated 40, connected to the underlying PCB 6. 
The connector 40 is provided for connection of an exter- 
nal antenna device, such as an antenna provided on the 
outside of a car in which a mobile phone is operated by 

20 means of a so-called hands-free equipment. Thus the 

aperture 14 provides for a compact solution for posi- 
tioning an external connector, a typical size of which 
is a diameter of six millimeters. 

In the embodiments described with reference to figs. 1- 
25 7, the inner element 10 has been shown with a rectangu- 
lar shape. However, many other shapes are viable, such 
as the one used in the antenna device 8' shown in Fig. 
8, wherein the inner rectangular element 10 of the pre- 
vious embodiments has been replaced with an inner ele- 
30 ment 10' with a lower straight edge and an upper curved 
edge. An essentially uniform gap 30' separates the inner 
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element 10' from an outer element, denoted 20', having 
an outer shape adapted to a mobile phone in which it is 
mounted. The contour of the upper portion of the mobile 
phone 2' is denoted by a dotted line in Fig. 8, As in 
5 the previous embodiments, the inner element 10' com- 
prises a feeding portion 12' and the outer element 20' 
comprises a grounding portion 22'. 

Finally, in Figs. 9 and 10, there are shown curve dia- 
grams showing the characteristics for the antenna device 
10 according to the invention adapted for dual-band opera- 
tion in the 900/1800 MHz bands and the 900/1900 MHz 
bands, respectively. It is here seen, that desired char- 
acteristics can be achieved in a controlled way with the 
inventive device. 

15 Preferred embodiments of an antenna device according to 
the invention have been described. The person skilled in 
the art realizes that these could be varied within the 
scope of the appended claims. Thus, the shapes of the 
different parts shown in the figures can of course be 

20 adapted to different needs. 

Similar shapes and dimensions for the basic antenna 
pattern have been shown in the figures. It will be 
appreciated that these can be varied as long as the 
general shape with an inner radiating element with a 

25 feeding portion is surrounded by an outer radiating ele- 
ment with a grounding portion. Thus, the effective 
length and width of the left and right gap portions 30a, 
30c can be adjusted by removing part of the outer ele- 
ment facing the gap portion in question, thereby adjust- 

30 ing the resonance frequencies of the device. 
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The grounding portion 22 has been shown with a constant 
size throughout the figures* However, the size of the 
grounding portion can be used as a parameter when 
adjusting the characteristics of the antenna device. 

5 Also the positioning of the feeding and grounding por- 
tions 12, 22 are the same in all figures. However, the 
distance between the feeding and grounding portions can 
be used as a means for adjusting the resonance frequen- 
cies of the antenna device. Also, the provision of the 
10 grounding portion 22 to the right of the inner portion 
10 can of course be replaced by it being positioned to 
the left of the inner portion 10. In that case, the ref- 
erence in this description to "left" and "right" should 
be exchanged for each other. 

15 Different ways of adjusting the upper and lower fre- 
quency bands of a dual-band antenna have been explained. 
Although the different ways have been described sepa- 
rately, it will be appreciated that more than one can be 
applied simultaneously. Although the inner and outer 

20 elements 10, 20 have been described and shown as gene- 
rally planar, it will be appreciated that they can devi- 
ate from the planar shape so as to be adapted to the 
outer shape of the mobile phone in which they are pro- 
vided, for example. 

25 Throughout this description, the term radiating element 
has been used. It is to be understood that this term 
covers any antenna element adapted to receive or trans- 
mit electromagnetic waves. 

When in this description there is referred to the width 
30 of the gap 30, this refers to the distance between the 
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inner and outer elements 10 and 20 in the gap portion in 
question. Also, when the length of a gap portion is dis- 
cussed, reference is made to the effective length of the 
edge portion of the inner element 10 facing the gap por- 
5 tion in question. 
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CLAIMS 

1 . An antenna device for a portable radio communi- 
cation device (2) operable in at least an upper and a 

5 lower frequency band, said antenna device comprising: 

a first generally planar radiating element portion 
(10; 10') having a feeding portion (12; 12') connectable 
to a feed device of said radio communication device 
(2;2'); 

10 - a second generally planar radiating element portion 

(20;20') having a grounding portion (22;22') connect- 
able to a ground device (6) of said radio communica- 
tion device, wherein said first and second antenna 
element portions are essentially coplanar and sepa- 

15 rated by a gap (30;30'); 

characterized in that 

said second radiating element portion (20; 20') sur- 
rounds said first radiating element portion (10;10')r 
and 

20 - said first radiating element portion is galvanically 
ungrounded. 

2. The antenna device according to claim 1, wherein 
said second radiating element portion (20;20') is essen- 
tially C-shaped. 

25 3. The antenna device according to claim 1 or 2, 

wherein said grounding portion (22; 22') is located on an 
outer edge of said second radiating element portion 
(20;20'). 
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4 . The antenna device according to any of claims 1- 

3, wherein said grounding portion (22) is located on an 
end portion of said second radiating element portion 
(20). 

5 5 • The antenna device according to any of claims 1- 

4, wherein said first radiating element portion (10) is 
essentially rectangular. 

6 . The antenna device according to any of claims 1- 

5 , wherein 

10 - said first radiating element portion (10) has a first 
(10a), a second (10b), and a third (10c) edge por- 
tion, 

said third edge portion (10c) is located closer to 
said grounding portion (22) than said first edge por- 
15 tion (10a) and said second edge portion (10b) is 

located between said first and second edge portions 
(10a, 10c), and 

said first edge portion (10a) faces a first gap por- 
tion (30a), said second edge portion (10b) faces a 
20 second gap portion (30b), and said third edge portion 

(10c) faces a third gap portion (30c) of said gap 
(30). 

7. The antenna device according to claim 6, wherein 
said gap portions (30a, 30b, 30c) are of essentially 

25 equal width. 



8- The antenna device according to claim 6, wherein 

said first gap portion (30a) has a width (d2) exceeding 
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the width of said second (30b) and third (30c) gap 
portions • 

9. The antenna device according to claim 6, wherein 
said third gap portion (30c) has a width (dl) exceeding 

5 the width of said first (30a) and second (30b) gap 
portions • 

10. The antenna device according to claim 6, 
wherein said second gap portion (30b) has a width (d3) 
exceeding the width of said first (30a) and third (30c) 

10 gap portions. 

11. The antenna device according to any of claims 
1-10, wherein said first radiating element portion (10) 
comprises an aperture (14). 

12. The antenna device according to claim 11, 

15 wherein said feeding portion (12) is located on an edge 
of said aperture (14). 

13. The antenna device according to claim 11 or 12, 
wherein said aperture is adapted to receive an external 
connector (40). 

20 14. The antenna device according to claim 1, 2, or 

3, wherein said first radiating element portion (10') 
has a first, generally straight side and a second curved 
side facing said gap (30'). 

15. A portable radio communication device (2) 

25 having a key pad (4) and a printed circuit board (6) 
with RF circuitry. 



characterized by 
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an antenna device according to any of claims 1-14, 

16. A method for adjusting a resonance frequency of 
an antenna device according to any of claims 1-14^ com- 
prising the step of adjusting any of the length and the 

5 width of said gap (30) • 

17. The method according to claim 16 for adjusting 
a resonance frequency of an antenna device according to 
claim 6^ comprising the step of adjusting the width of 
said first gap portion (30a), such as to adjust said 

10 lower frequency band. 

18. The method according to claim 16 for adjusting 
a resonance frequency of an antenna device according to 
claim 6, comprising the step of adjusting the width of 
said third gap portion (30c), such as to adjust said 

15 upper frequency band. 

19. The method according to claim 16 for adjusting 
a resonance frequency of an antenna device according to 
claim 6, comprising the step of adjusting the width of 
said second gap portion (30b), such as to adjust both 

20 said upper and said lower frequency bands. 

20. The method according to claim 16 for adjusting 
a resonance frequency of an antenna device according to 
any of claims 11-13, comprising the step of adjusting 
the size of said aperture (14), such as to adjust the 

25 lower frequency band and/or to match said antenna 
device . 
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Fig. 2c 
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Fig. 4c 
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Fig. 5c 
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